The relationship between ethnicity and cognitive test performance was examined in a sample of 161 patients referred for evaluation at a public hospital-affiliated neuropsychology clinic; 83 patients were Caucasian (non-Hispanic), 31 were African-American, 30 were Hispanic, and 17 were Asian. Significant group differences were present on some measures of language (Boston Naming Test), attention (Digit Span ACSS), constructional ability (Rey-Osterrieth [RO] copy), nonverbal processing speed (Trails A), and executive skills (Wisconsin Card Sorting Test [WCST]). Comparison of those who spoke English as a first language (or who learned English concurrently with a second language) versus those who spoke English as a second language (ESL) revealed significantly higher performance in the non-ESL group for Digit Span, Boston Naming Test, and FAS, and a higher score in the ESL group for RO copy. Boston Naming Test scores were significantly related to years educated in the United States; Boston Naming Test and Digit Span scores were significantly correlated with age at which conversational English was first learned and number of years in the United States; and finally, FAS scores were also significantly related to number of years in the United States. These findings are consistent with data from published literature on ethnic differences and the effects of acculturation on cognitive test performance in nonpatients, and also indicate that these observations are not attenuated by the presence of psychiatric or neurologic illness. The results further caution that normative data derived on Caucasian samples may not be appropriate for use with other ethnic groups. © 2007 Published by Elsevier Ltd on behalf of National Academy of Neuropsychology.
Method

Participants
Permission to access archival data was obtained from the Institutional Review Board at Harbor-UCLA Medical Center. The sample comprised patients referred for outpatient neuropsychological evaluation at this public hospital by the departments of Neurology and Psychiatry and also by nearby community mental health centers. To ensure that only subjects who were applying adequate effort on the cognitive measures were included in the study, patients who were involved in civil litigation or attempting to obtain disability compensation were excluded from the sample. In addition, subjects who failed three or more of the following cognitive effort measures were also excluded: WAIS-III Digit Span Age Corrected Scaled Score (cut-off < 6; Babikian, Boone, Lu, & Arnold, 2006) , Dot Counting Test E score (cutoff ≥ 17; Boone, Lu, & Herzberg, 2002a) , RAVLT Recognition (cut-off ≤ 7, Greiffenstein, Baker, & Gola, 1996) , Rey 15-Item (total free recall + [recognition minus false positives] cut-off < 20; Boone, Salazar, Warner-Chacon, & Razani, 2002) , Warrington Recognition Memory Test-Words (cut-off < 33; Iverson & Franzen, 1994) , RO Effort Equation (copy + [recognition minus atypical false positives] × 3; cut-off ≤ 47; Lu, Boone, Cozolino, & Mitchell, 2003) , Rey Word Recognition Test (cut-off for males ≤ 5, females ≤ 7; Nitch, Boone, Wen, Arnold, & Warner-Chacon, 2006) , and b Test E score (cut-off ≥ 160; Boone, Lu, & Herzberg, 2002b) . In the final sample of 161 patients, 83 were Caucasian (non-Hispanic), 31 were African-American, 30 were Hispanic, and 17 were Asian. All participants were fluent in English and were able to understand test instructions.
As shown in Table 1 , the distribution of diagnoses was generally comparable across groups.
Neuropsychological measures
A neuropsychological battery was administered to all patients as part of a clinical neurocognitive evaluation. Scores used for analysis included (1) total correct on the Boston Naming Test (out of 60 possible); (2) total correct, nonredundant words generated on FAS; (3) RO Complex Figure Test copy and 3-min recall scores; (4) number of categories completed on the WCST; (5) number of words recalled for Trial 5, Trial 7 (after interference), and Trial 8 (long delay), and recognized on a paragraph format recognition trial for the RAVLT; (6) time scores for the Trailmaking Test (Parts A and B); (7) time scores for the Comalli Stroop Test (Parts A, B, and C); (8) age-corrected scaled scores (ACSS) for WAIS-R or WAIS-III Digit Span; and (9) age-corrected percentiles for WMS-R or Wechsler Memory Scale-III (WMS-III) Logical Memory I and II and Visual Reproduction I and II.
Language/acculturation variables
The following language and acculturation data were extracted from the patient files: (1) whether subjects learned English as a first language (or concurrent with another language) versus English learned as a second language (ESL); (2) age at which English was first learned; (3) number of years resided in the United States (subtracted from total age); and finally, (4) number of years educated in the United States (subtracted from total years of education completed). Table 2 , one-way analysis of variance (ANOVA) revealed ethnic groups significantly differed in age (F(3,157) = 3.018, p = .032) and years of education (F(3,157) = 18.732, p = .0001). With respect to age, Tukey's posthoc analyses failed to reveal significant pairwise group differences. However, with regards to education, Tukey's post-hoc analyses revealed that Hispanics had significantly less education than Caucasians (p = .0001), Asians (p = .0001), and African-Americans (p = .005), and African-Americans had significantly less education than Asians (p = .004).
Results
As shown in
Subsequent analysis of covariance (ANCOVA) examining group differences (i.e., ethnicity as the between-subjects factor) on neuropsychological test scores included age and education as covariates (with the exception that age was not used as a covariate for WMS subtest percentiles or WAIS-R/WAIS-III Digit Span ACSS because these scores were already age corrected). As shown in Table 2 , ANCOVA revealed significant group differences on measures of attention (Digit Span ACSS), nonverbal processing speed (Trails A), language (Boston Naming Test), constructional ability (RO copy), and executive skills (WCST); no significant differences were found in verbal processing speed (Stroop A and B), verbal memory (WMS-R or WMS-III LM, RAVLT), visual memory (WMS-R or WMS-III VR; RO delay), or executive skills involving word generation (FAS), rapid response inhibition (Stroop C), or alternation between tasks (Trails B).
Bonferroni contrasts revealed that Caucasians scored significantly higher than (1) African-Americans on Digit Span, Trails A, Boston Naming Test, RO copy, and WCST categories; (2) Hispanics on Digit Span and Boston Naming Test; and finally, (3) Asians on Boston Naming Test. In addition, Hispanics scored significantly higher than African-Americans on WCST categories, and Asians scored higher than African-Americans on RO copy.
As shown in Table 3 , additional analyses were computed between those who spoke English as a second language (n = 25) versus native English speakers (n = 136). ANOVA revealed these two subgroups did not significantly differ in age but did differ in mean years of education. Subsequent ANCOVA analyses (covarying for education only) showed that native English speakers outperformed ESL patients on Digit Span, Boston Naming Test, and FAS, whereas the ESL group scored significantly higher on RO copy. In a subsample of Hispanics only (i.e., the ethnic group with the largest number of ESL speakers), ESL (n = 12) and non-ESL (n = 18) subjects also differed in years of education (F(1,28) = 12.568, p = .001), but not in age. Subsequent ANCOVA analyses (covarying for education) showed that although the ESL superiority on RO copy continued to be observed (non-ESL = 27.7 ± 1.2, ESL = 32.4 ± 1.5, F(1,27) = 4.916, p = .035), no significant differences were noted on Digit Span (non-ESL = 7.5 ± 0.3, ESL = 6.7 ± 0.4, F(1,27) = 2.367, p = .136), Boston Naming Test (non-ESL = 42.2 ± 2.2, ESL = 38.7 ± 2.9, F(1,26) = .692, p = .413), and FAS (non-ESL = 26.9 ± 3.0, ESL = 20.2 ± 3.8, F(1,27) = 1.676, p = .206). ESL and non-ESL Asians could not be compared due to small sample sizes (10 vs. 7).
Regarding acculturation variables, Boston Naming Test performance was significantly and negatively related to the age at which conversational English was first learned (Spearman r = −.258, p = .001), number of years educated in the United States (subtracted from total education completed; Spearman r = −.272, p = .001), and number of years in the United States (subtracted from total age; Spearman r = −.346, p = .0001). Digit Span score was significantly and negatively related to age at which English was first learned (Spearman r = −.258, p = .001) and number of years in the United States (subtracted from total age; Spearman r = −.193, p = .016), whereas FAS was significantly and negatively correlated only with number of years in the United States (subtracted from total age; Spearman r = −.184, p = .022). No other significant relationships were observed between acculturation measures and cognitive scores.
Discussion
In the present study, the association of ethnicity and cognitive test performance was examined in a large archival data set of patients referred to a public hospital-affiliated outpatient neuropsychology clinic. Comparisons of Caucasians (non-Hispanic), African-Americans, Hispanics, and Asians revealed significant group differences on a third of the scores from the neuropsychological battery. Specifically, group differences were observed in language (i.e., Boston Naming Test), visuoconstruction (i.e., RO copy), verbal repetition/attention span (i.e., Digit Span), nonverbal processing speed (i.e., Trails A), and an executive task (i.e., WCST total number of categories). These differences emerged despite the fact that the groups appeared to be fairly equivalent in terms of frequency of clinical diagnoses, indicating that the group differences were not due to discrepancies in nature of the presenting illness. Examination of group means adjusted for age and education revealed that African-American, Hispanics, and Asians scored on average 9-10 points below Caucasians on the Boston Naming Test, and African-Americans and Hispanics scored on average 1½ scaled score points below Caucasians on Digit Span. In addition, African-Americans averaged >1 fewer category on the WCST as compared to Caucasians and Hispanics; 5-6 fewer points in copy of the RO figure in comparison to Caucasians and Asians; and required 12 seconds more than Caucasians on Trails A.
In contrast, group differences were not documented on measures of verbal processing speed (Stroop A and B), verbal memory (WMS-R and WMS-III LM, RAVLT), visual memory (WMS-R or WMS-III VR, RO delay), and most executive skills (Trails B, FAS, Stroop C).
Comparison of those who spoke English as a native versus second language revealed significantly better performance on the Boston Naming Test, FAS, and Digit Span in the former group, and better RO figure copy in the latter group. However, within the Hispanic group specifically, although comparisons of those who spoke English as a first versus second language continued to show a superiority in RO figure copy in the ESL group, no other significant differences were detected. In fact, examination of adjusted means revealed that native-English-speaking Hispanics were still averaging 10 points less on the Boston Naming Test than Caucasians, more than 6 points less on FAS, and over 2 scaled score points lower on Digit Span. These data contradict the assumption that adjustments in interpretation of neuropsychological scores are only necessary for Hispanics who are nonnative English speakers. Our findings are similar to those of Razani and colleagues (in press) who observed that an ethnically diverse sample of nonpatient volunteers (Hispanic, Asian, and Middle-Eastern) who spoke English as a first versus second language performed comparably to each other and worse than Anglo-Americans on verbal measures of the WASI.
Associations between available measures of acculturation (years in United States, years educated in United States, age at which English was first learned) and cognitive scores were limited to select verbal skills involving wordretrieval (Boston Naming Test), word generation (FAS), and verbal repetition/attention span (Digit Span). However, these acculturation variables are only applicable to foreign-born individuals and/or those who speak English as a second language. We did not have data available to assess the relationship between formal acculturation measures and cognitive scores in ethnic minorities born in this county and who spoke English as native language. The data we do have, however, suggest that language skills measured in English in an immigrant population will be inversely related to age at which English was learned and positively associated with number of years resided and educated in the United States. These findings are in line with previous research conducted with healthy, ethnically diverse adults (Harris, Tulsky, & Schultheis, 2003; Razani et al., in press) .
Results from the present study suggest that ethnic differences in test performance are not attenuated by presence of psychiatric or neurologic illness. The findings further caution that normative data derived on Caucasian samples may not be appropriate for use for with other ethnic groups, particularly for measures of language, attention, processing speed, constructional skill, and select executive skills; application of Caucasian-derived norms will result in overpathologizing of cognitive disorder in ethnic minorities. Additionally, the fact that all non-Caucasian groups performed consistently lower on the Boston Naming Test suggests that the test stimuli themselves may be systematically biased against those groups. In a multicultural society, the development of appropriate norms may be insufficient in and of themselves unless specific tests/test-items that are reflective of a diverse cultural experience are developed simultaneously with normative data.
Some authors have questioned the use of race-based norms (Gasquoine, 1999; Manly, 2005; Manly et al., 2004; Manly, Jacobs, Touradji, Small, & Stern, 2002) given that variables such as level of acculturation, quality of education, length of residence in the United States, years educated outside of the United States, and extent of English language use when growing up and currently, appear to be the factors responsible for the observed ethnic differences in cognition (Arnold & Orozco, 1989; Gasquoine, 1999; Gonzalez & Roll, 1985; Harris et al., 2003; Manly et al., 1998a Manly et al., ,b, 2002 Razani et al., in press; Shuttleworth-Edwards et al., 2004; Touradji, Manly, Jacobs, & Stern, 2001 ). Ideally, future normative studies should stratify data according to cultural factors, rather than race. However, in the interim, clinicians attempting to interpret test scores of ethnic minorities are limited to use of incomplete race-based norms (see Table 4 ) and norms primarily derived on non-Hispanic Caucasians; use of the latter will require appropriate adjustments of interpretations, informed by the available literature, so as to avoid mischaracterization of the cognitive abilities of ethnic minorities. In addition, clinical and forensic decisions based on such data must include prominent caveats about sources of measurement error (Pontón, 2001; Pontón & Corona-LoMonaco, in press ).
